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Abstract
The effect of acupuncture at the acupoints of 12 meridians on gastrointestinal and 
cardiac electricity in healthy adults was studied. Specific regulation between 
meridian points and viscera was also investigated. An electrogastrogram (EGG), 
electrointestinogram (EIG), carotid pulse graph, phonocardiogram and electrocar-
diogram were obtained in 30 healthy adults before and after acupuncture at various 
acupoints of 12 meridians. The effects of acupuncture on the amplitude and fre-
quency of the EGG, EIG, pre-ejection period and the left ventricular ejection time 
were then analyzed. Acupuncture revealed that LR3 decreased the amplitude of 
the EGG while LI11 (Quchi), SJ5 (Waiguan), ST36 (Zusanli), SP9 (Yinlingquan) and 
SI6 (Yanglao) increased the amplitude. Multiple comparisons among the latter five 
acupoints indicated that there were significant differences between SP9, LI11, SJ5 
and ST36 (p < 0.01, p < 0.01, p < 0.05) and SI6, LI11 and SJ5 (p < 0.01, p < 0.05). SP9 
effected EGG amplitude the most, followed by SI6, ST36, SJ5 and LI11. Four acu-
points increased the amplitude of the EIG (p < 0.05), including HT5 (Tongli), GB34 
(Yanglingquan), SP9 and SI6. No significant differences were observed between these 
acupoints, but SI6 showed the most obvious effect on EIG amplitude, followed by 
GB34, SP9 and HT5. No significant effects on the frequency of the gastrointestinal 
slow wave or on cardiac function indexes were observed. Effects were observed, how-
ever, on pre-ejection period and left ventricular ejection time. Routine acupuncture 
had no detrimental effects on the stomach, intestine and heart in healthy adults, 
but instead regulated physiological function within a normal range. These findings 
demonstrate the existence of specific connections between the meridian points 
and the viscera. The results suggest that multiple meridians control the same viscus, 
and the same meridian can regulate the functions of multiple viscera.
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1.  Introduction
Acupuncture and moxibustion treatment are impor-
tant components of traditional Chinese medicine. 
Physicians from previous generations have found, 
over long periods of clinical practice, that meridian 
points, like meridians, can be connected with the 
viscera. These associations have been summarized 
and provide guidance for clinical practice. Nowadays, 
however, the clinical application of acupuncture 
should not only use these experiences as evidence 
for the development of acu-moxibustion medicine. 
Such ancient law needs to be understood with current 
scientific data, and thus, more direct and clear sci-
entific explanations for these practices should be 
explored. The association between meridian points 
and viscera is between meridian theory and clinical 
practice; however, no way of integrating modern sci-
ence and technology is available as there has not yet 
been a systematic study of acupoint specificity [1]. 
Although there are many reports on simple compari-
sons between one meridian and one viscus [2−4], 
vertical comparisons between multiple meridians and 
the same viscus [5,6], horizontal comparisons be-
tween the same meridian and multiple viscera [7,8], 
and exterior and interior comparisons between me-
ridians and viscera [9−11], there is no comprehensive 
comparison between all these points. Based on pre-
vious studies, we used the MP150 polygraph to mon-
itor healthy adults in this study, to compare the 
different effects of acupuncture on gastrointestinal 
and cardiac electricity at the acupoints of 12 merid-
ians. This investigation was also undertaken to illus-
trate the specific regulation between meridian points 
and various viscera from two levels. How multiple 
meridians could control the same viscus, in addition 
to how the same meridian could regulate the function 
of multiple viscera, was also evaluated.
2.  Materials and Methods
2.1.  Participants
Thirty healthy volunteers (15 males and 15 fe-
males) participated in this study. Participants were 
20−50 years old, had well-proportioned bodies, 
and did not have past history of cardiovascular dis-
ease, gastrointestinal tract diseases or other disor-
ders. A month prior to the time of enrolment, no 
participants exhibited symptoms of cardiovascular 
or gastrointestinal tract discomfort. Each partici-
pant was monitored by the MP150 polygraph and 
had a normal electrocardiogram (ECG) and steady, 
regular waveforms of gastrointestinal electricity. 
During data collection rooms were maintained at 
22ºC ± 3ºC with a humidity of 40% ± 10%.
The study protocol was approved by the Insti-
tutional Ethics Board of the First Affiliated Hospital 
of Hunan University of Traditional Chinese Medicine. 
All participants gave written informed consent to 
participate in the study, which followed the ethi-
cal guidelines of the Declaration of Helsinki.
2.2.  Design of the MP150 polygraph system
2.2.1.  Position of surface electrodes and 
transducers
Nine surface electrodes and two transducers were 
used in this experiment. The surface electrodes in-
cluded the three surface electrodes of the electro-
gastrogram (EGG), the three electrodes of the 
electrointestinogram (EIG), and the three elec-
trodes of the ECG, while the two transducers be-
longed to the carotid pulse graph (CPG) and 
phono cardiogram (PCG), respectively.
EGG surface electrodes were arranged in such a 
way that the negative electrode connected with 
the gastric body point, 1.6 cm ± 1.8 cm above the 
middle point of the xiphoid and navel and 4.5 cm ± 
1.1 cm left of the median line. The positive elec-
trode was connected with the gastric antrum point, 
0.7 cm ± 2.4 cm below the middle point of the xi-
phoid and navel and 1.4 cm ± 1.6 cm right of the me-
dian line. The earth wire connected with the right 
lower limb.
EIG surface electrodes were arranged in such a 
way that the negative electrode was connected 
with a point within 3 cm below McBurney’s point 
and the positive electrode connected to a point 
within 3 cm above McBurney’s point. The earth 
wire connected with the right lower limb.
ECG surface electrodes were arranged accord-
ing to the electrode position of Lead II of the ECG. 
The CPG surface transducer was positioned near 
the carotid pulse and the PCG surface transducer 
was positioned near the mitral valve area.
2.2.2.  Connection of the surface electrode 
and transducer
After determining the surface positions for the 
connection with electrodes, areas were cleaned 
and the superfluous horny layer of skin at the skin 
surface was removed by fine sandpaper. Ethanol 
(75%) was then used to clean the skin where the 
coupling agent of the disposable electrode plate 
would be placed to paste the electrode at that 
skin position. Finally, the electrode was directly 
clamped to the AgCl metal adapter of the elec-
trode plate. The metallic surface of the transducer 
was fixed at its position on the skin by medical 
adhesive tape.
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2.3.  Experimental procedure
2.3.1.  Selection of acupoints and 
interventions
The association between three viscera (heart, 
stomach and intestine) and 12 meridians, includ-
ing hand-yangming (LI), the liver meridian of the 
foot-jueyin (LR), the sanjiao meridian of the hand-
shaoyang (SJ), the lung meridian of the hand, taiyin 
(LU), the pericardium meridian of the hand jueyin 
(PC), the stomach meridian of the foot-yangming 
(ST), the spleen meridian of the foot-taiyin (SP), the 
small intestine meridian of the hand-taiyang (SI), 
hand-shaoyin (HT), the gall bladder meridian of the 
foot-shaoyang (GB), the kidney meridian of the foot, 
shaoyin (KI), and Taichong (LR3) was explored. The 
acupoints of the 12 selected meridians were di-
vided into two groups. One group included special 
acupoints, frequently used on meridians that have 
certain relationships and functional correlations with 
the three viscera. The other group was composed 
of acupoints on the meridians that have no direct 
association with the three viscera, such as the gall 
bladder and bladder meridian BL.
All the participants were given interventions at 
the following 12 pairs of acupoints: LI11, LR3, SJ5, 
ST36, SP9, SI6, HT5, GB34, PC6 (Neiguan), BL58 
(Feiyang), KI3 (Taixi) and LU9 (Taiyuan). Each sub-
ject had acupuncture at one pair of acupoints once 
per day for 12 consecutive days. The 12 pairs of 
acupoints were alternated each day. The locations 
of these points were defined in 1993 by the World 
Health Organization, Regional Office for the Western 
Pacific [12].
All acupoints were stimulated by filiform Huatuo 
needles (Suzhou Medical Supplies Co., Suzhou, China). 
These were sterile disposable acupuncture needles, 
25−40 mm in length and 0.30 mm in diameter. Parti-
cipants experienced the twinge or tingling sensation 
(De Qi) that is associated with acupuncture when the 
operator inserts or rotates the needles. The needle 
was manipulated using the mild reinforcing-reducing 
method for 5 minutes, and then the acupoint hole 
was closed with a clean cotton ball to prevent bleed-
ing when the needle was withdrawn.
2.3.2.  Observation and indexes
All fasted participants were asked to lie in the su-
pine position for 15 minutes before starting mea-
surements. After connecting the surface electrodes, 
and with the patient supine, the MP150 polygraph 
recorded for 5 minutes before the intervention. 
Ac upuncture at the acupoints and needle manipu-
lation with De Qi were then performed for 5 min-
utes, and the recording was stopped 5 minutes after 
the needle was withdrawn. The procedure took about 
20 minutes to consecutively record the output from 
the MP150 polygraph.
Variations in waveforms in each lead, including 
the change of amplitude, frequency, rhythm and 
regularity of movement, were observed to deter-
mine whether gastric electrical activity was coordi-
nated with intestinal electrical activity. The cardiac 
function indexes included the pre-ejection period 
(PEP) and the left ventricular ejection time (LVET).
Mean amplitude and frequency were directly cap-
tured using EGG and EIG. PEP and LVET were deter-
mined based on ECG, CPG and PCG. Data was 
obtained from a figure by choosing a segment of the 
waveform (such as wave A; see Figure 1) which was 
subsequently analyzed using Acqknowledge software 
(version 4.1, Biopac Systems Inc., Goleta, CA, USA).
The acquisition of the cardiac function indexes 
is shown below (Figure 2). PEP (i.e., the B seg-
ment) was measured from the onset of the Q wave 
to the first high frequency component of the first 
heart sound. The measurement of LVET (i.e., the C 
segment) started at the initiation point of the ca-
rotid ascending branch, extending to the lowest 
point in the valley of the dicrotic notch.
2.4.  Statistical analyses
To test the data (before and after acupuncture) 
for consistency with normality and homogeneity of 
variance, we used single-factor analysis of variance. 
A t test was used if equal variance was assumed, 
while the Wilcoxon rank test was used if variance 
was not equal. All data were statistically proc-
essed using SPSS 13.0 software (SPSS Inc., Chicago, 
IL, USA).
A
Figure 1   Data acquisition for the electrogastrogram.
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3.  Results
3.1.  Observation of waveforms
Prior to acupuncture, EGGs from fasted healthy par-
ticipants showed a slow wave, sinusoidal trace, ad-
jacent waveforms with uniformity, and rhythmicity 
with an amplitude of 130−250 μV at a frequency of 
3 per minute. The EIG showed a slow wave with an 
amplitude of 40−120 μV at a frequency of 8−12 per 
minute. Waveforms of both the EGG and EIG changed 
after acupuncture with an increase in frequency and 
amplitude and a two-phase rhythm disturbance. 
These changes were caused by acupuncture, were 
steady within 1−2 minutes and stabilized at a cer-
tain range. In brief, changes in amplitude, rhythm 
and frequency of the slow waves were observed fol-
lowing acupuncture.
Wave amplitude in those participants with a 
lower basic value increased when acupuncture was 
performed at ST36, SI6 and LI11 (Figures 3 and 4), 
while no significant change in wave amplitude oc-
curred after acupuncture at the other acupoints.
After acupuncture at ST36, SI6, HT5 and PC6, the 
original irregular graph of gastrointestinal electri-
cal activity appeared and repeated with a certain 
rhythm. This observation indicated that these acu-
points could regulate gastrointestinal myoelectric 
activity (Figures 5 and 6). During stimulation of ST36, 
SI6 and SP9, the original unsynchronized waveforms 
between the EGG and EIG showed a synchronized 
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Figure 2   Data acquisition for cardiac function indexes.
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Figure 3   Amplitude before acupuncture at ST36.
150 μV
120 sec
EGG
EIG
Figure 4   Amplitude during acupuncture at ST36.
tendency in the opposite direction of the amplitude. 
It appeared that these acupoints could simultane-
ously coordinate the rhythm of gastrointestinal ac-
tivity (Figures 7 and 8). There were no significant 
changes in the frequency of the slow wave in the 
EGG and EIG after acupuncture.
3.2.  Data analysis
3.2.1.  Effects on EGG following acupuncture 
at acupoints of the 12 meridians
Table 1 and Figure 9 show that there were no 
significant changes before acupuncture at these 
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Table 1  Effect on the mean amplitude of the electrogastrogram*
Acupoint Before After Acupoint Before After
PC6 157.13 ± 18.69 156.02 ± 20.01 SJ5 162.20 ± 16.75 174.08 ± 9.99†‡§
LI11 161.81 ± 22.10 172.33 ± 5.66†‡ ST36 168.38 ± 6.99 182.30 ± 14.96†¶
LR3 163.66 ± 12.46 143.95 ± 8.94† BL58 157.26 ± 27.04 153.48 ± 14.17
KI3 164.35 ± 8.48 164.67 ± 19.43 GB34 165.80 ± 27.72 178.35 ± 32.79
LU9 163.85 ± 16.02 169.48 ± 24.77 SP9 160.87 ± 20.19 195.40 ± 42.70†
HT5 166.84 ± 31.71 157.38 ± 17.88 SI6 167.98 ± 12.91 190.16 ± 32.13†
*All values expressed as mean ± SD in μV; †p < 0.01 versus pre-acupuncture; ‡p < 0.01 versus SP9; §p < 0.05 versus SI6; p < 0.01 ver-
sus SI6; ¶p < 0.05 versus SP9.
100 μV
120 sec
EGG
EIG
Figure 5   Rhythm of the slow wave before acupuncture 
at HT5.
EGG
EIG
100 μV
10 sec
Figure 7   Rhythm of the slow wave before acupuncture 
at SI6.
100 μV
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EGG
EIG
Figure 8   Rhythm of the slow wave during acupuncture 
at SI6.
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Figure 9   Multiple comparisons among the five acupoints 
that increased electrogastrogram amplitude. *p < 0.01 ver-
sus SP9; †p < 0.01 versus SI6; ‡p < 0.05 versus SI6; §p < 0.05 
versus SP9.
Figure 6   Rhythm of the slow wave during acupuncture 
at HT5.
100 μV
120 sec
EGG
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12 acupoints. Comparing the preacupuncture and 
postacupuncture data, six acupoints affected the 
amplitude of the EGG (p < 0.01), specifically, LI11, 
LR3, SJ5, ST36, SP9 and SI6. LR3 decreased the 
amplitude of the EGG while the other five acu-
points increased the amplitude. Multiple compari-
sons among these five acupoints that increased 
the amplitude indicated that there were signifi-
cant differences among SP9, LI11, SJ5 and ST36 
(p < 0.01, p < 0.01, p < 0.05) and among SI6, LI11, SJ5 
(p < 0.01, p < 0.05). Sorting by the variability of am-
plitude, SP9 caused the greatest increase in ampli-
tude, followed by SI6, ST36, SJ5 and LI11.
3.2.2.  Effects on EIG following acupuncture 
at the acupoints of the 12 meridians
Table 2 shows that four separate acupoints (HT5, 
GB34, SP9 and SI6) increased the amplitude of the 
EIG (p < 0.05). Although no significant differences 
were observed, acupuncture at SI6 caused the great-
est increase in the EIG, followed by GB34, SP9 and 
HT5. These results indicate that acupuncture at these 
four acupoints could regulate intestinal movement.
3.2.3.  Effects of acupuncture at acupoints 
of the 12 meridians on cardiac 
function
No significant changes in cardiac function indexes 
were seen following acupuncture at the acupoints of 
the 12 meridians (Tables 3 and 4). Effects on PEP and 
LVET were observed. For example, HT5 increased PEP 
while LR3, ST36 and SI6 decreased PEP (Figure 10). 
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Furthermore, ST36 increased LVET while LI11 and 
SJ5 decreased LVET (Figure 11). In future studies, 
we may be able to potentially uncover new discov-
eries in patients with abnormal cardiac function who 
have been treated with acupuncture.
4.  Discussion
Meridian theory is a major part of Chinese medi-
cine and has guided acupuncture and its clinical 
practice for thousands of years. Correlativity be-
tween the meridian points and viscera is one of 
the core contents of meridian theory. On the one 
hand, according to meridian theory, the physiology 
and pathology of internal organs can be reflected 
on the body’s surface. On the other hand, the func-
tion of the related viscera is affected by changes in 
Table 3  Effect on the pre-ejection period*
Acupoints Before After Acupoints Before After
PC6 94.40 ± 2.13 94.13 ± 2.92 SJ5 95.07 ± 2.66 94.73 ± 2.75
LI11 94.87 ± 1.94 94.47 ± 2.01 ST36 95.20 ± 2.50 94.60 ± 2.63
LR3 95.60 ± 2.64 94.93 ± 2.45 BL58 95.00 ± 2.51 94.93 ± 2.21
KI3 94.87 ± 2.66 95.00 ± 2.51 GB34 94.53 ± 2.62 94.27 ± 2.27
LU9 94.60 ± 2.63 94.53 ± 3.15 SP9 94.87 ± 2.45 94.73 ± 2.90
HT5 94.73 ± 3.17 95.73 ± 3.05 SI6 95.53 ± 3.05 95.07 ± 2.91
*Values are expressed as mean ± SD in milliseconds. Comparing preacupuncture and postacupuncture p > 0.05.
Table 4  Effect on left ventricular ejection time*
Acupoints Before After Acupoints Before After
PC6 292.07 ± 7.13 292.47 ± 5.40 SJ5 291.60 ± 5.31 290.13 ± 6.15
LI11 291.93 ± 5.13 290.40 ± 5.72 ST36 290.07 ± 5.34 291.20 ± 5.05
LR3 291.93 ± 4.08 291.47 ± 4.39 BL58 292.13 ± 4.87 292.27 ± 4.35
KI3 290.60 ± 5.80 291.13 ± 4.95 GB34 291.93 ± 5.02 291.53 ± 5.32
LU9 291.27 ± 5.15 291.27 ± 5.16 SP9 291.07 ± 5.13 291.45 ± 5.42
HT5 293.20 ± 4.63 293.20 ± 5.14 SI6 291.53 ± 5.24 291.47 ± 5.63
*Values are expressed as mean ± SD in milliseconds. Comparing preacupuncture and postacupuncture p > 0.05.
external conditions and stimulation of parts (acu-
points) of the body’s surface. The specificity be-
tween the function of meridian points and viscera 
indicates differences between the effects of me-
ridian points and non-meridian points, and among 
the different meridian points themselves. Meridian 
points have a distinct curative effect for disorders 
of certain viscera and diseases of certain organ 
systems.
Previous studies focused more on one meridian 
controlling one viscus whereas the topic of multiple 
meridians controlling the same viscus has seldom 
been examined. One study provided evidence that 
rat serum derived from rats treated with electro-
acupuncture at stomach meridian acupoints dis-
tinctly increased EGFR gene expression in gastric 
mucosal cells. This suggests meridian specificity in 
the serum, which could provide evidence for the 
Table 2  Effect on the mean amplitude of the electrointestinogram (absolute value)
Acupoints
 Mean rank Mean rank
 Before After 
U value W value Acupoints
 Before After 
U value W value
PC6 26.53 34.47 331 796 SJ5 28.57 32.43 392 857
LI11 28 33 375 840 ST36 28.2 32.8 381 846
LR3 26.87 34.13 341 806 BL58 26.3 34.7 324 789
KI3 27.93 33.07 373 838 GB34 24.87 36.13* 281 746
LU9 28.03 32.97 376 841 SP9 24.93 36.07* 283 748
HT5 25.73   35.27* 307 772 SI6 24.7 36.3* 276 741
*p < 0.05 versus preacupuncture.
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traditional Chinese medicine theory of a “particu-
lar relation between meridian and internal organ” 
[13]. Over the past 30 years, we have devoted our 
research to the correlation between ST and the 
stomach. We have found that the brain-gut pep-
tides are the main material basis of the association 
between ST and the stomach [14], and we have 
confirmed that the nucleus tractus solitarius is a 
primary central pathway of ST, connecting ST and 
the stomach [15,16]. Based on previous studies, 
we studied the effect of multiple meridians on the 
same viscus. We observed the effect of acupunc-
ture at different meridian acupoints in rabbits 
after gastric mucosal injury. The results demon-
strated that ST was most closely related to the 
stomach, followed by SP, GB and LR, while BL had 
no correlation with the stomach [17].
In this study, both gastrointestinal electricity and 
cardiac function indexes were within the normal 
range during acupuncture at the acupoints of the 
12 meridians. Among these meridian points, the 
stomach had a close association with LI11, LR3, SJ5, 
ST36, SP9 and SI6, which suggested that LI, LR, SJ, 
ST, SP and SI are more closely associated to the 
stomach than the other meridians under normal 
physiological conditions. The intestine had a close 
association with HT5, GB34, SP9 and SI6, indicating 
that HT, GB, SP, and SI are more closely related to 
the intestine than the other meridians. These find-
ings suggest that multiple meridians control the same 
viscus, and therefore several meridians are con-
nected with the same viscus by circulating pathways 
of meridians. Thus, these meridians can influence 
each other in the regulation of the physiological 
functions of the same viscus and in treating various 
diseases of the same viscus. There are circulating 
pathways of five meridians (LR, SJ, ST, SP and SI) 
that directly pass the stomach while four meridians 
(HT, GB, SP and SI) directly pass the intestine. LI and 
ST share the same name relationship (the yangming 
meridian). The effects of acupuncture at these points 
on gastrointestinal function support the meridian 
theory that the “meridian treats where it passes.”
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Figure 10   Effect of acupuncture at the acupoints of 
the 12 meridians on pre-ejection period. Comparing 
preacupuncture and postacupuncture p > 0.05.
PC
6
LI1
1
LR
3
KI
3
LU
9
HT
5 SJ5
ST
36
BL
58
GB
34 SP
9 SI6
280
285
290
295
300
305
310
M
ill
is
ec
on
d
Before After
Figure 11   Effect of acupuncture at the acupoints of the 
12 meridians on left ventricular ejection time. Comparing 
preacupuncture and postacupuncture p > 0.05.
The same meridian can regulate the function of 
multiple viscera, i.e., a meridian can pass several vis-
cera and regulate the physiological function of each 
of them. The experimental results show that SP9 and 
SI6 have certain associations with both the stomach 
and intestine, demonstrating that SP and SI possibly 
regulate the function of the stomach and intestine.
In summary, routine acupuncture does not have 
a detrimental effect on the physiological state of 
the viscera of healthy adults (specifically, the stom-
ach, intestine and heart), regulating the physiolog-
ical function of these organs within a normal range. 
These results demonstrate the existence of specific 
connections between the meridian points and vis-
cera. This study also suggests that multiple meridi-
ans control the same viscus, and the same meridian 
can regulate the function of multiple viscera.
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